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Gelatin was obtained from cobia (Rachycentron canadum) skins, which is an important commercial
species for marine ﬁsh aquaculture, and it was compared with gelatin from croaker (Micropogonias
furnieri) skins, using the same extraction methodology (alkaline/acid pre-treatments). Cobia skins gelatin
showed values of protein yield, gelatin yield, gel strength, melting point, gelling point and viscosity
higher than the values found from croaker skins gelatin. The values of turbidity and Hue angle for cobia
and croaker gelatins were 403 and 74 NTU, and 84.8 and 87.3, respectively. Spectra in the infrared
region had the major absorption band in the amide region for both gelatins, but it showed some dif-
ferences in the spectra. The proline and hydroxyproline contents from cobia skins gelatin (205 residues/
1000 residues) was higher than from croaker skins gelatin (188 residues/1000 residues). SDS-PAGE of
both gelatins showed a similar molecular weight distribution to that of standard collagen type I.
Therefore, cobia skins could be used as a potential marine source of gelatin obtainment for application in
diversiﬁed industrial ﬁelds.
 2014 Elsevier Ltd. All rights reserved.1. Introduction
Gelatin is a ﬁbrous protein obtained by partial denaturation of
collagen, which represents a major source of protein biopolymer
with many applications in food, materials, cosmetic, pharmaceu-
tical and photographic industries (Jelloui et al., 2011). In the food
industries, gelatin has been used as emulsiﬁer, foaming agent,
colloids stabilizer, ﬁning agent, biodegradable packaging material
and micro-encapsulating agent (Gómez-Guillén, Giménez, López-
Caballero, & Montero, 2011). Therefore, some important proper-
ties characterizing gelatin are gel strength, viscosity, gelling and
melting points (Karim & Bhat, 2009).
The chemical composition of gelatin is similar to the native
collagen, which is composed of three a-chains in the triple helix.
These chains form three-dimensional structures, which provide an
ideal geometry for the interchain hydrogen bonds. Nevertheless,
industrial gelatins are mixtures of different compounds known as
a-chains, b-chains and g-chains (Karim & Bhat, 2009). Gelatin
molecule structure is mainly composed of multiple repetitions of a
Gly-X-Y sequence, where X is often proline, and Y is often hy-
droxyproline. The proline and hydroxyproline are particularlyx: þ55 53 3233 8745.important for the gelling effect (Duan, Zhang, Xing, Konno, & Xu,
2011; Gómez-Guillén et al., 2011).
Commercial gelatins are produced mainly from skins and bones
of porcine and bovine by alkaline or acidic extraction. However,
both Judaism and Islam forbid the consumption of any pork-related
products, while Hindus do not consume cow-related products,
besides, the bovine gelatin has a high risk for bovine spongiform
encephalopathy (Nagarajan, Benjakul, Prodpran, & Songtipya,
2012). In addition, the need to reuse the ﬁshing industry waste
has increased the interest in the study of ﬁsh gelatin as an alter-
native to mammals (Gómez-Guillén et al., 2011).
Skin gelatin from various ﬁsh species, such as tiger-toothed
croaker, pink perch and ghol (Koli, Basu, Nayak, Kannuchamy, &
Gudipati, 2011), common carp (Duan et al., 2011), giant catﬁsh
(Sai-Ut, Jongjareonrak, & Rawdkuen, 2012), bamboo and blacktip
shark (Kittiphattanabawon, Benjakul, Visessanguan, & Shahidi,
2010), smooth hound (Bougatef et al., 2012), have been extracted
and characterized. However, little information regarding the char-
acteristics of skins gelatin from cobia has been reported. Cobia due
to its rapid growth rate and high meat quality, it is an important
commercial species in marine aquaculture (Chang & Wong, 2012).
Therefore, the aims of this work were to extract skins gelatin from
cobia (Rachycentron canadum), and to compare its physicochemical
and rheological properties with the gelatin extracted from croaker
(Micropogonias furnieri) skins.
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2.1. Raw materials
The skins of cobia (R. canadum) were obtained from aquaculture
units located on the Brazil coast (states of Rio de Janeiro and São
Paulo). The skins of croaker (M. furnieri) were purchased in a
commercial ﬁsh-processing plant located at Rio Grande, state of Rio
Grande do Sul/Brazil. The samples were stored in polyethylene bags
at 21 C for no longer than 90 days until gelatin extraction or
analysis. All chemical reagents used were of analytical grade and
purchased from local suppliers.
2.2. Sample pre-treatment and gelatin extraction
The sample preparation and gelatin extraction was according to
methodologies of Silva, Bandeira, Petry, and Pinto (2011) with some
changes. The ﬁsh skins were cut (approximately 1 kg) into pieces of
1 cm 1 cm, and then thematerial was washed in distilled water at
5 C for 5 min. Afterward, the solutionwas drained and the cleaned
skins were subjected to the ﬁrst alkaline pre-treatment with NaOH
solution 3 mol L1 (1:1 ratio, kg/L) at pH 11, at room temperature
and slow agitation for 15 min. After the alkaline solution was again
drained, and the residual material was subjected to the second
alkaline pre-treatment under the same conditions of the ﬁrst pre-
treatment, however in a time of 60 min. Once again, the material
was washed in distilled water until neutral pH, and then subjected
to the acid pre-treatment with HCl solution 3 mol L1 (1:1 ratio, kg/
L), for 15 min at pH 2. Finally, the pre-treated sample was drained
and it was washed with distilled water until pH 7. The skins gelatin
extraction was carried out with distilled water (1:1 ratio, kg/L) at
52 C, in thermostatic bath (Quimis 214 D2, Brazil), for 120 min at
pH 4. Later, the material was drained and the gelatin solution was
separated from the residual skin fragments by ﬁltration under
vacuum. Gelatin solution was lyophilized (Liotop, L108, Brazil) and
was stored in sealed plastic bags at 21 C.
2.3. Characterization of gelatins
2.3.1. Centesimal composition and hydroxyproline contents
Centesimal composition of raw materials and extracted gelatin
were analyzed by moisture, protein, fat and ash contents according
to AOAC (1995) ofﬁcial methods. The ﬁsh skins were cut and
blended in distilled water resulting in a suspension (10 g L1).
The method used for hydroxyproline determination was by
colorimetric method (AOAC, 1995), by hydrolysis of samples in
sulfuric acid at 105 C for 16 h, followed by dilution and ﬁltration.
Hydroxyproline was oxidized with Chloramine-T (Sigma-Aldrich,
857319, Brazil) reagent for Pyrrole. A reddish-purple was formed by
addition of 4-dimethylaminobenzaldehyde (Sigma-Aldrich, 39070,
Brazil). Hydroxyproline content in the samples was estimated after
reading in a spectrophotometer (Quimis, Q-108 DRM, Brazil) at
560 nm.
2.3.2. Protein and gelatin yields
The protein yield (g/100 g) was determined by ratio of the
weight of lyophilized gelatin and the wet weight of fresh skins. The
gelatin yield (%) was calculated by the hydroxyproline contents in
the gelatin and in the initial skins.
2.3.3. Physicochemical and rheological properties
In sample preparation and analysis of gel strength, the
gelatin solutions (66.7 g L1) were heated at 60 C for 30 min, and
105 mL were transferred to standard bloom jars (150 mL capacity).
After reaching room temperature, bloom jars with solution werekept in refrigerator at 10 C (maturation temperature) for 17  1 h.
Gel strength was performed according to British Standard BS757
method (BSI, 1975), and it was measured with a texture analyzer
(TA.XTplus, Stable Micro Systems, UK) by forcing a plunger
(diameter ¼ 12.7 mm) with velocity of 1 mm s1 in 4 mm of depth
into the gel. Measurements were performed with ﬁve replications.
The melting point of gelatins was determined by the BS755
method (BSI, 1975), with minor modiﬁcations. Gelatin solution
volumes of 10 mL (with concentration of 66.7 g L1) were trans-
ferred to test tubes, which kept under refrigeration at 7 C for
17  1 h. Measurement was performed at a heating rate of 0.5 C/
5 min and ﬁve drops of chloroformemethylene blue dye (3:1,
mL:mL) were used as indicator of melting point. The temperature,
at which the gel melted, allowing the chloroform to star falling, was
recorded as the melting point. Five replicates were performed.
Gelling point was determined according to Muyonga, Cole, and
Duodu (2004) with minor modiﬁcations. Samples of gelatin were
dissolved up to a concentration of 66.7 g L1, and then 100 mL were
transferred to standard jars, as described for the gel strength
samples. The jars containing the gelatin samples were subjected to
40 C in thermostatic bath for 15 min. After that, a rod was inserted
in the gelatin solution. In one of the standard jars which contained
gelatin solution, a digital thermometer was inserted for tempera-
ture control. The temperature was reduced by 0.1 C every 2 min by
cooling in thermostatic bath. The gelling point was recorded when
the rod could not detach from the gelatin sample.
Gelatin viscosity determination was based on the method used
by Wangtueai and Noomhorm (2009) with some modiﬁcation.
Gelatin solutions (66.7 g L1) were heated at 60 C and after
reaching room temperature, 10 mL were transferred to a Cannone
Fenske viscosimeter (Cannon Instrument Co. State College, USA) in
a bath water at 25 C, where it remained until temperature equi-
librium. Then, the times required for the test were recorded and
gelatin viscosity was calculated.
2.3.4. Determinations of turbidity and color parameters
Gelatin turbidity was determined using a turbidimeter (Quimis,
Q-179P, Brazil). The turbidity measurement was performed after
dissolving the lyophilized gelatin at 66.7 g L1 in distilled water at
45 C.
The color of gelatin solutions 66.7 g L1 was measured by a
colorimeter (Minolta, CR-400, Japan). The color was expressed as L*
(lightness), a*(redness/greenness) and b* (yellowness/blueness)
and Hue angle (Hue*) values. Hue angle is represented in degrees
and corresponding to the three-dimensional diagram of colors,
where 0 is the red, 90 is the yellow, 180 is the green and 270 is
the blue colors. Measurements were performed with ﬁve
replications.
2.3.5. Amino acid analysis
Gelatin samples (10e20 mg) were hydrolyzed in 6 mol L1 HCl
at 110 C for 24 h in the absence of oxygen. The hydrolyzates were
analyzed on an amino acid analyzer (Hitachi 835-50, Tokyo, Japan).
2.3.6. Molecular weight distribution
The procedure carried out by the method of Ahmad, Benjakul,
Ovissipour, and Prodpran (2011) using SDS-PAGE, 4% stacking gel
and a 7.5% separating gel. Samples were mixed at 1:1 ratio (mL:mL)
with the sample buffer (0.5 mol L1 TriseHCl, pH 6.8, containing
SDS (4 mL/100 mL) and glycerol (20 mL/100 mL)). Samples
(10 g L1) were loaded onto the gel. After electrophoresis using
15 mA/gel in a Mini Protean II (Bio-Rad Laboratories, CA, USA), the
gel was stained with 0.5 g L1 Coomassie blue R250 by 24 h in
methanol (15mL/100mL) and acetic acid (5 mL/100mL), and it was
decolored with methanol (30 mL/100 mL) and acetic acid (10 mL/
Table 2
Values of yields and gelatin properties of cobia skins and croaker skins.
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as the protein standard market.
2.3.7. Infrared spectroscopy
Fourier transformed infrared spectroscopy by attenuated total
reﬂectance (ATR-FTIR) was obtained using a Prestige 21 (210045,
Japan) in a measurement range from 4500 to 45 cm1 at room
temperature. Number of integrated scans was of 45. The ﬂat plate
crystal assembly was used for measuring soft pliable ﬁlms. The
crystal was positioned so that the top surface of the crystal was
slightly higher than the mount. The spectra of gelatin samples were
obtained in KBr pellets.
2.4. Statistical analyses
The data was subjected to a one way analysis of variance. A
comparison of means was carried out by the Tukey test (Box,
Hunter, & Hunter, 1978), by using the Statistica 7.0
software (StatSoft Inc., USA). Conﬁdence level was for 95%
(P < 0.05).
3. Results and discussion
3.1. Centesimal compositions of ﬁsh skins and gelatins
Table 1 shows the centesimal compositions of the ﬁsh skins and
gelatins, and the hydroxyproline contents. Both cobia and croaker
skins showed moisture content as the major component, followed
by protein, fat and ash contents. The protein content of cobia skins
was not higher than those of croaker skins (P > 0.05). On the other
hand, the ash content of cobia skins was signiﬁcantly higher than
the croaker skins (P < 0.05).
The protein and fat contents of the cobia skins were lower
than the limits found by Liu, Li, and Guo (2008) for channel
catﬁsh skins (protein of 37.4 g/100 g and fat of 10.3 g/100 g),
which is a freshwater ﬁsh. The results also show that the
protein content was slightly lower than those found by
Songchotikunpan, Tattiyakul, and Supaphol (2008) for Nile tilapia
skins (around 30 g/100 g), and it was higher than the protein
content found by Cheow, Norziah, Kyaw, and Howell (2007) for
croaker skins (24.8 g/100 g). The variation in the centesimal
composition of ﬁsh may depend on the species, sex, age, season
and feeding.
The gelatin (G1) of cobia skins presented fat content about
three times higher than the fat content of gelatin (G2) (croaker
skins). The values in Table 1 show, for ﬁsh gelatins, high protein
content and low levels of moisture, fat and ash contents, sug-
gesting that there was an efﬁcient removal of fat and mineral
material of the skins assayed. Nevertheless, the condition of theTable 1
Centesimal composition of raw materials and gelatins of the skins from cobia and
croaker (wet basis).
Content Raw skins Gelatins
Cobia Croaker Cobia Croaker
Moisture (g/100 g) 61.0  2.0b 66.3  1.4a 9.4  0.4i 10.2  0.4i
Protein (g/100 g) 28.9  0.9a 27.7  1.0a 88.6  0.8i 88.2  0.8i
Fat (g/100 g) 7.4  0.5a 3.9  0.3b 1.6  0.3i 0.6  0.1ii
Ash (g/100 g) 2.6  0.3a 1.9  0.2b 1.0  0.2i 0.9  0.1i
Hydroxyproline (mg/kg) 12.1  0.3a 11.6  0.2b 962  30i 877  25ii
Values are means  standard deviation of triplicates.
(aeb)Means values with the different superscripts within a same line are signiﬁcantly
different (p < 0.05).
(ieii)Means values with the different superscripts within a same line are signiﬁcantly
different (p < 0.05).process was not sufﬁcient to remove fat from the cobia skins
with the same effectiveness with which the fat was removed
from the croaker skins. The ﬁndings are in accordance with the
differences in fat content between the skins studied. Jelloui et al.
(2011) reported that protein contents of grey triggerﬁsh skins
gelatin was 89.9 g/100 g. Variations in the chemical composition
among gelatins occur mainly due to the differences in the
method of obtainment used and the protein content in the skins
(Gómez-Guillén et al., 2011).
The cobia skins had higher hydroxyproline content than the
croaker skins (Table 1), which might have favored the highest
hydroxyproline content in extracted gelatin. The specimens of
cobia used in this research were from warm-water, while the
croakers were from cold-water. As expected, gelatins had higher
hydroxyproline concentration than the skins, however the con-
tent of G1 was also higher than the G2, because, warm-water ﬁsh
gelatins have higher hydroxyproline content than cold-water ﬁsh
gelatins (Jamilah, Tan, Umi Hartina, & Azizah, 2011; Zhang et al.,
2012). Gelatins with high levels of hydroxyproline tend to have
high gel properties, since this amino acid is important in the
renaturarion of gelatin subunit during gelling (Karim & Bhat,
2009). Hydroxyproline is believed to play a singular role in the
stabilization of the triple-stranded collagen helix due to its
hydrogen-bonding ability through its eOH group (Gómez-
Guillén et al., 2011).
3.2. Yields of gelatins
Table 2 shows that the protein yields were signiﬁcantly
different (P < 0.05). The protein yield of G1 (cobia skins) was
around 40% higher than the G2 (croaker skins). The protein
yields obtained in this study were higher than those found by
Jelloui et al. (2011) for gray triggerﬁsh skins (5.7 g/100 g) and
Koli et al. (2011) for tiger croaker skins (around 7.5 g/100 g). On
the other hand, Kittiphattanabawon et al. (2010) obtained
highest protein yield (ranging from 21.2 to 24.7 g/100 g) for
shark skins, and Jongjareonrak et al. (2010) achieved yield of
20.1 g/100 g for giant catﬁsh skins. Protein yields depend on
the process of obtainment applied (temperature, time and pH)
and of the protein content in the material, which may range
among different species (Jongjareonrak et al., 2010; Koli et al.,
2011).
The procedure provided good recovery of collagenous material
(75.6e79.5%), Table 2, however, the recovery could be higher if the
losses during the pre-treatment and extraction were reduced.Cobia skins gelatin (G1) Croaker skins gelatin (G2)
Protein yield (g/100 g) 12.3  0.8a 8.8  0.6b
Gelatin yield (%) 79.5  1.2a 75.6  1.4b
Gel strength (g) 232  9a 212  7b
Melting temperature (C) 26.8  0.7a 25.7  0.6b
Gelling temperature (C) 19.9  0.7a 17.8  0.5b
Viscosity (cP) 4.32  0.11a 3.54  0.09b
Turbidity (NTU) 403  13a 74  6b
Color parameters
L* 60.6  0.8b 63.4  1.0a
a* 0.25  0.03b 0.37  0.05a
b* 2.80  0.15b 7.82  0.28a
Hue angle () 84.8  0.7b 87.3  0.6a
Value are means  standard deviation of triplicates.
(aeb)Means values with the different superscripts within a same line are signiﬁcantly
different (p < 0.05).
L*: lightness; a*: chromaticity from green () to red (þ); b*: chromaticity from blue
() to yellow (þ).
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3.3.1. Physicochemical and rheological properties
In Table 2 is shown that all functional properties (gel strength,
viscosity, melting point and gelling point) were higher for G1 when
compared with G2. The differences between the gelatins suggested
that the quality of G1 was greater than of G2. The gel properties are
associated with the differences in intrinsic characteristics, such as
molecular weight distribution and amino acid composition. Protein
degradation fragments may reduce the ability of a-chain to anneal
correctly by hindering the growth of the existing nucleation sites
(Karim & Bhat, 2009).
The gel strengths of G1 and G2 (Table 2) were higher than that
measured by Arnesen and Gildberg (2007) for Atlantic salmon skins
gelatin (195 g) and Jelloui et al. (2011) for grey triggerﬁsh skin
gelatin (168 g). Gel strength is the more important functional
property of gelatin, and it is affected by concentration, conditions of
preparation, and the presence of other hydrocolloids. The gel
strength of commercial gelatins range from 100 to 300 g (Gómez-
Guillén et al., 2011). The melting temperature values for G1 and
G2 were higher than those found by Zeng et al. (2010) for tilapia
skins gelatin (22.4 C), and remained within the range found by
Duan et al. (2011) for gelatin from carp skin caught in different
seasons (23.2e27.2 C). Depending on the applicability, it may be
desirable to provide gelatins with low melting temperatures
(Boran, Lawless, & Regenstein 2010). Arnesen and Gildberg (2007)
have shown the gelling point of cod and Atlantic salmon skin gel-
atins were 10 C and 12 C, although Muyonga et al. (2004) have
shown 19.5 C for Nile perch skin gelatin. Viscosity values for G1
were higher than for G2 (Table 2). Gelatins with low viscosity
values result in weak gels, while high viscosity result in consistent
and extensible gels. Boran et al. (2010) reported silver carp skin
gelatin had viscosity ranged from 2.2 to 7.0 cP, and Uriarte-Montoya
et al. (2011) for squid skins gelatin, the viscosity was about 4.0 cP.
3.3.2. Determinations of turbidity and color parameters
Turbidity of G2 was signiﬁcantly lower than of G1 (Table 2).
Filtration efﬁciency affects directly the degree of turbidity of gelatin
solutions. Non-settling and unﬁlterable particulate matter in
gelatin solution may be the cause of turbidity. These materials
could be derived from a gelatin stabilized emulsion or suspension
released from the raw material during extraction, whose removalTable 3
Amino acid composition of cobia and croaker skins gelatin.
Amino acids Number of residues/1000 residues
G1 G2
Aspartic acid 49 53
Glutamic acid 72 54
Serine 40 43
Glycine 307 322
Histidine 5 8
Arginine 57 66
Threonine 22 29
Tyrosine 6 6
Alanine 106 102
Valine 20 23
Methionine 8 13
Cysteine 1 1
Isoleucine 16 16
Leucine 26 24
Phenylalanine 13 17
Lysine 29 23
Hydroxylysine 18 12
Proline 111 103
Hydroxyproline 94 85
G1: cobia skins gelatin. G2: croaker skins gelatin.by physical methods is quite difﬁcult. The differences between the
fat content and turbidity values suggest that there was greater
release of stabilized material in solution and, therefore, in the same
condition, the ﬁltration efﬁciency of G2 was higher than of G1.
Jamilah et al. (2011) studied the gel properties of different species of
ﬁsh and obtained 176 NTU for turbidity of red tilapia skins gelatin
and 511 NTU for striped catﬁsh.
In Table 2, all parameters of color attributes were statistically
different (P< 0.05). Although the gelatin Hue angles were different,
G1 and G2 showed color characteristic typical of ﬁsh gelatins,
where the color tended to yellow (Hue angle around 90). The L*
parameter of G2 was slightly higher than of G1, suggesting that G2
was lighter than G1. The difference in color among gelatins may
occur due to the presence of pigment inherent in the material and
depends on the raw material (Jongjareonrak et al., 2010).
3.4. Amino acid composition
The amino acid composition of G1 and G2, expressed as residues
per 1000 total amino acid residues, are shown in Table 3. Glycine
was the predominant amino acid in both gelatin samples, ranging
from 307 to 322 residues/1000 residues. According to Nagarajan
et al. (2012), collagen consists of one-third glycine in its molecule.
Proline and hydroxyproline content present in G1 was higher than
those in G2. The super-helix structure of the gelatin gel, which is
critical for the gel properties, is stabilized by steric restrictions.
These restrictions are imposed by both the pyrrolidine rings of the
hydroxyproline in addition to the hydrogen bonds formed between
amino acid residues (Karim & Bhat, 2009). The higher of these
amino acid contents in G1 may have contributed to its higher
rheological properties by promoting triple helix formation and
stabilization of gelatin molecule. Gómez-Guillén et al. (2011) re-
ported that warm-water ﬁsh gelatins have a higher proline and
hydroxyproline content than cold-water ﬁsh gelatins.
The amino acid composition of both gelatins showed low con-
tents of methionine, histidine and tyrosine. Cysteine residues could
be observed, although cysteine is not typically present in the
structure of type I collagen. The presence of cysteine in the amino
acid proﬁle could indicate that gelatinmight have contained a small
quantity of stroma protein (Bougatef et al., 2012; Duan et al., 2011).
Lysine and hydroxylysine residues and aldehydes derived from
them by oxidative deamination are responsible for both intra- and
inter-molecular covalent cross-linking reactions, mainly in the
telopeptide non-helical regions. Hydroxylysine derived cross link-
ages show higher stability than those formed by lysine (Balti et al.,
2011). As can be observed by Table 3, G1 showed both lysine and
hydroxylysine contents higher than those of G2.Fig. 1. Protein patterns of cobia skins gelatin and croaker skins gelatin. M: high mo-
lecular weight markers. G1: cobia skins gelatin. G2: croaker skins gelatin.
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The protein patterns in G1 in comparison with G2 are shown in
Fig. 1. During the conversion of collagen to gelatin, inter- and intra-
molecular bonds of the collagen and peptides are hydrolyzed. As a
result, the gelatin obtained consists of a mixture of fragments with
molecular weights in the range from 80 to 250 kDa (Karim & Bhat,
2009), although higher molecular weight aggregates could be also
present in the gelatin composition. As shown in Fig. 1, both gelatins
contained typical molecular distribution of collagen type I, where
bands related to the a- (molecular weight around 100 kDa) and b-
(molecular weight around 200 kDa) chains were found. However,
only the G1 gelatin presented the band corresponding g-chain
(molecular weight higher than 200 kDa). These molar character-
istics suggest that the milder extraction conditions were more
conducive for cobia skins than for croaker skins, thus the collagen
from cobia skins showed highest thermal stability. The shorter
chain fragments of gelatin could not form the junction zone, in
which the strong network could be developed, as evidenced by the
lowest bloom strength of G2 (Kittiphattanabawon et al., 2010). In
addition to amino acid composition, the functional properties of
gelatin are inﬂuenced by the distribution of the molecular weights,
temperature of the ﬁsh habitat, type and sex of ﬁsh, as well as by
the extraction process (Jongjareonrak et al., 2010). Since the cobia
was of warmer water than the croaker, it is acceptable the gelatin
obtained showed different thermostability.
Gelatin with higher content of a-chain was reported to
possess better functional properties, including gel strength
(Nagarajan et al., 2012). Large amounts of b- and g-chains have
been shown to negatively affect some of the functional proper-
ties of ﬁsh gelatins, such as lower viscosity and melting point
(Muyonga et al., 2004). According to Liu et al. (2008) more b- and
g-component would allow a more organized structure with
higher gel strength. In this research, the gelatin with highest g-
chains content showed better physicochemical properties than
the gelatin with lower g-chains content, suggesting that the
molecular mass distribution may have a great inﬂuence on the
stability of the molecule.
3.6. Infrared spectroscopy analysis
Through the Fourier transform infrared spectroscopy (FTIR)
analysis, it was possible to observe the main structural character-
istics of G1 and G2. The spectra in the infrared region are shown in
Fig. 2.Fig. 2. Fourier transform infrared spectra of cobia skins gelatin and croaker skins
gelatin. G1: cobia skins gelatin; G2: croaker skins gelatin.Spectra of both gelatins had the major absorption band in the
amide region, but it showed some differences in the spectra. The
amide-A band, which is known as a characteristic pattern of gelatin,
was overlaid on amide-B, between the wavenumber 3500 and
3000 cm1, for both gelatins. These bands appear due to stretching
NeH. The higher amplitude of the band formed to G2 may be an
indicative of the presence of shorter peptide fragments from NeH
group, indicating more degradation of the molecule during the
process of obtaining gelatin (Ahmad et al., 2011). These spectra are
in agreement with those found by Sai-Ut et al. (2012) for catﬁsh
skin gelatin, whose band formed was in the range from 3600 to
3000 cm1. The bands 2924 and 2854 cm1 relating to G1, and the
bands 2923 and 2849 cm1 relating to G2, occur by the stretching
vibrations of the CeH bonds.
In the region of 1723 and 1773 cm1 for G1 and G2, respectively,
can be found the bands caused by the stretching of the carbonyl
(CaO). The shift of the band formed for G2may be related to higher
loss of molecular order due to thermal decoupling of inter-molec-
ular crosslink, suggesting that there was a greater degradation of
this gelatin. The exact location depends on the hydrogen bonds and
conformation of the protein structure. The bands 1600 and 1602 for
G1 and G2, respectively, represents the CN stretching and in-plane
NeH bending of the amide-I, which is in agreement with Sai-Ut
et al. (2012). The spectra also show that the CN stretching with
contribution of NeH bending formed the amide-II band, which was
located at the same wavenumber (1536 cm1) for both G1 and G2.
The amide-III bands, mainly referring to the CN stretching, were
located in the region 1271 and 1242 cm1 for G1 and G2, respec-
tively. Nagarajan et al. (2012) obtained amide-I, -II and -III at the
wavenumber 1632 cm1, 1541 cm1 and 1236 cm1, respectively.
Temperature, time and pH used in the process, number of initial
crosslinks in the chain peptide structure, apart from the amount of
collagenous tissue present in the material used for the obtaining,
could inﬂuence the formation of bands of gelatin spectrum (Ahmad
et al., 2011).
4. Conclusion
The extraction process of ﬁsh skins gelatins from cobia and
croaker was evaluated by the yields (weight and hydroxyproline
basis) and the gelatins were compared by the gel properties,
turbidity and color. Cobia skins gelatin showed protein yield,
gelatin yield and gel properties higher than croaker skins gelatin.
However, croaker skins gelatin showed lower turbidity than cobia
skins gelatin. Gelatins from cobia and croaker presented color
characteristic typical of ﬁsh gelatin, yellowness (Hue angle around
90). The proline and hydroxyproline contents in cobia gelatinwere
higher than in croaker gelatin, and this led to its highest rheological
properties. Cobia skins gelatin had a high amount of amino acid and
also showed contents of a-, b- and g-components, which ensure
good functional properties.
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